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1 An Overview and Brief
History of Feedback Control

A Perspective on Feedback Control

Control of dynamic systems is a very common concept with many characteristics. A system that
involves a person controlling a machine, as in driving an automobile, is called manual control.
A system that involves machines only, as when room temperature can be set by a thermostat,
is called automatic control. Systems designed to hold an output steady against unknown dis-
turbances are called regulators while systems designed to track a reference signal are called
tracking or servo systems. Control systems are also classified according to the information used
to compute the controlling action. If the controller does not use a measure of the system output
being controlled in computing the control action to take, the system is called open-loop control.
If the controlled output signal is measured and fed back for use in the control computation, the
system is called closed-loop or feedback control. There are many other important properties of
control systems in addition to these most basic characteristics. For example, in this book we will
mainly be concerned with controlling processes that can be adequately described by linear, time-
invariant equations, whereas all physical processes are nonlinear if the signals are large and their
characteristics vary with time if observed for a long time. We will also mainly consider feedback
of the present output only, but a very familiar example illustrates the limitation imposed by that
assumption. When driving a car, the use of simple feedback corresponds to driving in a thick fog
where one can see only the road immediately at the front of the car and is unable to see the future
required position! Looking at the road ahead is a form of predictive control, and this information,
which has obvious advantages, would always be used where it is available, but in most automatic
control situations studied in this book observation of the future track or disturbance is not possible.
In any case, the control designer should study the process to see if any sensor could anticipate
either a track to be followed or a disturbance to be rejected. If such a possibility is feasible, the
control designer should use it to feed forward an early warning to the control system. An example
of this is in the control of steam pressure in the boiler of an electric power generation plant. A
measure of the electric power demand at the output of the plant can be fed forward to the boiler
controller in anticipation of a soon-to-be demanded increase in steam flow.

Chapter Overview

In this chapter we begin our exploration of feedback control using a simple familiar example: a
household furnace controlled by a thermostat. The generic components of a control system are
identified within the context of this example. In another example—an automobile cruise control—
we develop the elementary static equations and assign numerical values to elements of the sys-
tem model in order to compare the performance of open-loop control to that of feedback control
when dynamics are ignored. In order to provide a context for our studies and to give you a glimpse
of how the field has evolved, Section 1.3 provides a brief history of control theory and design. Fi-
nally, Section 1.4 provides a brief overview of the contents and organization of the entire book.
The evolution of cheap and powerful digital computers has had a major impact on control



2 1 AnOverview and Brief History of Feedback Control

design and control implementation. Software such as MATLAB is a great aid to solving the
equations and realizing the graphics of control design methods. For analyzing system response,
students of control have tools such as Simulink®, which can easily compute the response of
linear as well as nonlinear models of processes and controls. The controllers which compute
the signals necessary to effect control are mainly electronic units because of the flexibility and
cost-effectiveness of these devices. While analog units are typically faster and cheaper to im-
plement simple equations than digital logic, the greater programming fiexibility and increasing
cost-effectiveness of embedded digital processors is causing them to become ever more common
in controller implementation. The influence of these trends on our introduction to the stimulating
field of control is evident throughout the text.

The applications of feedback control have never been more exciting than they are today.
Landing and collision avoidance systems using the Global Positioning System (GPS) are now
under development and promise a revolution in our ability to navigate in an ever more crowded
airspace. In the magnetic data storage devices for computers known as hard disks, control of the
read/write head assembly is often designed to have tracking errors on the order of microns and to
move at speeds of a fraction of a millisecond. Control is essential to the operation of systems from
cell phones to jumbo jets and from washing machines to oil refineries as large as a small city. The
list goes on and on. In fact, many engineers refer to control as a hidden technology because of its
essential importance to so many devices and systems while being mainly out of sight. The future
will no doubt see engineers create even more imaginative applications of feedback control. Study
of control problems over the past 200 years has led to an extensive body of knowledge common
to both manual and automatic control which has evolved into the discipline of control systems
design, the subject of this book.

1.1 A Simple Feedback System

In feedback systems the variable being controlled—such as temperature or speed—is measured
by a sensor, and the measured information is fed back to the controller to influence the controlled
variable. The principle is readily illustrated by a very common system, the household furnace
controlled by a thermostat. The components of this system and their interconnections are shown
in Fig. 1.1. The figure identifies the major parts of the system and shows the directions of
information flow from one component to another.

We can easily analyze the operation of this system qualitatively from the graph. Suppose
both the temperature in the room where the thermostat is located and the outside temperature are
significantly below the reference temperature (also called the set point) when power is applied.
The thermostat will be on, and the control logic will open the furnace gas valve and light the
fire box. This will cause heat Q5 to be supplied to the house at a rate that will be significantly
larger than the heat loss Qoy¢. As a result, the room temperature will rise until it exceeds the
thermostat reference setting by a small amount. At this time the furnace will be turned off and
the room temperature will start to fall toward the outside value. When it falls a small amount
below the set point, the thermostat will come on again and the cycle will repeat. Typical plots
of room temperature along with the furnace cycles of on and off are shown in Fig. 1.1. The
outside temperature is 50°F and the thermostat is initially set at 55°F. At 6 A.M., the thermostat
is stepped to 65°F, and the furnace brings it to that level and cycles the temperature around that
figure thereafter.! Notice that the house is well insulated so that the fall of temperature with the

Notice that the furnace had come on a few minutes before 6 A.M. on its regular nighttime schedule.
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furnace off is significantly slower than the rise with the furnace on. From this example we can
identify the generic components of the elementary feedback control system as shown in Fig. 1.2.
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Figure 1.1 (a) Component block diagram of a room temperature control system; (b) Plot of room
temperature and furnace action
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Figure 1.2 Component block diagram of an elementary feedback control

The central component of this feedback system is the process whose output is to be con-
trolled. In our example the process would be the house whose output is the room temperature
and the disturbance to the process is the flow of heat from the house due to conduction through
the walls and roof to the lower outside temperature. (The outward flow of heat also depends on
other factors, such as wind, open doors, etc.) The design of the process can obviously have a
major impact on the effectiveness of the controls. The temperature of a well insulated house with



